Recent empirical and theoretical studies have identified product quality as an important determinant of bilateral trade flows. Yet relatively little is understood about the relationship between the characteristics of the export market and the quality of products. In this paper we examine this link using Chinese data. We find evidence that product unit values vary with standard gravity variables in a different manner across sectors of the Chinese economy, and also run contrast to earlier findings in the U.S. More interestingly, these results are not fully compatible with existing heterogeneous firm trade models e.g. the original Melitz (2003) model and its extensions with heterogeneous product quality at firm level by Baldwin and Harrigan(2007) . To explain these differences we propose a heterogeneous firm trade model with quality differences and spatial price discrimination based on Melitz and Ottaviano (2007) that generate predictions consistent with our findings as well as other existing studies.
Introduction
Recent empirical modelling by Schott (2004) , Hummels and Skiba (2004) , Hummels and Klenow (2005) , Hallak (2006) and Baldwin and Harrigan (2007) has shown that the average product unit values of internationally traded goods vary with per capita income, factor intensities, distance and the market size of countries. This has been interpreted as evidence that differences in product quality are an important determinant of the pattern of international trade flows across countries. Theoretical explanations consistent with these empirical regularities have centred on the 'Alchien-Allen effect' and more recently the 'selection effects' that come from an extension of the heterogeneous firm trade models to allow for differences in product quality by Baldwin and Harrigan (2007) and Johnson (2007) .
In this paper, motivated by evidence of a deviation between the spatial pattern of export unit values for China and that predicted by a model of heterogeneous firms with quality differences, we additionally allow for the concept of 'spatial price discrimination' found in Melitz and Ottaviano (2006) . In this new model (f.o.b.) export prices (mark-ups) change with the location (distance) and market size of export destinations via both the 'selection effect', and the 'price discrimination' effect, that occurs when export price mark-ups are endogenous.
These selection and price discrimination effects work in opposite directions in the quality model, leaving the relationship of export unit values with market size and distance ambiguous, but reinforce each other in a model where differences in firm efficiency, as in Melitz (2003) , are key.
Our empirical evidence relies on data for over 7,000 Chinese products and 168 export destinations for the years 1997 to 2002. Grouping products according to their broad industry characterisation we find marked differences in the relationship between unit values and export market characteristics (distance and market size) across industries. For around two-thirds of the observations (12 industries) the coefficient on both market size and distance are found to be positive, in a quarter of the observations (4 industries) a positive sign is found on distance and negative sign found on market size, and in 7 per cent of the observation (3 industries) both variables have a negative relationship with average unit values. These results cannot be understood using the original Melitz model where firms differ in their efficiency, while the Baldwin-Harrigan (2007) extension of Melitz to differences in the quality of goods can explain the results for less the 10 per cent of the observations found in the data. 2 The heterogeneous firm model with quality differences and spatial price discrimination is however consistent with the Chinese evidence.
This empirical evidence are related to the work of Harrigan and Deng (2008) and Schott (2008) . Using 2006 Chinese export data Harrigan and Deng (2008) found that the export unit value is increasing in distance of the export markets. But their study proposed a very different theoretical explanation from ours , which is based on Eaton and Kortum (2002) model embedding the Washington-apple like effect. Our paper is also closely related to Schott (2008) . Using highly disaggregated US import data Schott (2008) shows that the mix of products exported by China to the US displays greater similarity to those of high income countries, but the price paid for these products (the unit value) is substantially lower. Under an assumption that differences in prices reflect differences in quality, Schott (2008) interprets this as consistent with a view that Chinese exports are of lower quality compared to those exported by high income countries.
The rest of this paper is organised as follows. In the next section we briefly review the existing evidence and theory on the link between average product unit value and the characteristics of exporters and importers as a guideline of our empirical analysis. Section 3 describes the data and methodology, while section 4 displays the results. The results we discovered for most export sectors with China seem to fall outside the empirical predictions from the original Melitz (2003) model even incorporating quality differences. In section 5 we instead propose a new version of the quality version of the heterogeneous firm trade model based on Melitz and Ottaviano (2007) with spatial price discrimination that is consistent with the new empirical patterns we obtain for within China, and may also explain the differences between the results for China and those from other studies for the U.S. . 2 The predicted relationship for the Baldwin and Harrigan (2007) model holds for just three of the 19 industries we study (and in only one are both distance and market size significant), where these account for just 7.8 per cent of the total observations (6.9 per cent of HS8 codes).
Unit Value, Product Quality and Country

Characteristics
Evidence
Building on the now large literature modelling bilateral trade flows using gravity models, trade economists have begun to exploit newly available product level data to reveal how the components of aggregate trade flows, such as varieties, quantities and unit values, respond to various characteristics of trading partners. In Table 1 we summarise the evidence for the three key empirical determinants of average product unit values from this literature, namely distance/transport costs, market size and per capita income.
Some of the relationships for unit values run counter to those found from gravity models. For example, in contrast to the negative relation found between distance and aggregate trade flows, both Hummels and Skiba (2004) , using 6 digit HS bilateral trade data for six importers and all exporters, and Baldwin and Harrigan (2007) , using 10 digit HS export data for the US, find that average unit value increases with measures of transport costs/distance. The estimated elasticity on distance/ transport costs is also similar across these two studies. Hummels and Skiba (2004) find that the elasticity on freight rates is in the range 0.8-1.4 depending on estimation methods, while in Baldwin and Harrigan (2007) it was around 0.6.
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A second set of factors commonly examined in gravity equations is the size of the economy.
Here the relationship is found to be sensitive to the measure used. Hummels and Klenow (2005) find the effects of the exporter's size on average unit values is fragile: the sign is negative when the size of the labour force is used as the proxy of the size of the economy, but turns positive and marginally significant when GDP is used as the proxy. In contrast Baldwin and Harrigan (2007) find a more robust negative effect importer's economic size.
Using GDP per capita to measure size appears to generate a more robust relationship. Using HS 10 digit import data for the US Schott (2004) finds exporters' GDP per capita has positive effects on average unit value, with elasticity 0.13. 4 This is comparable to that by Hummels and Skiba (2004) of between 0.18-0.20. Hummels and Klenow (2005) also find a positive elasticity, but much smaller in size, which in turn is similar to that of Hallak (2006) 
Theory
Despite this increasingly abundant empirical evidence on the spatial distribution of unit values, trade theories to explain them are in relatively short supply. The last column of Table 1 shows the relevant theoretical explanations for the corresponding evidence.
To explain the positive relationship with distance two alternative mechanisms have been formalised. The first, known as the 'Alchien-Allen effect ', 5 argues that in the presence of quality differentiation within products, higher per unit transport cost lowers the relative price of high quality goods. This increases (decreases) the relative demand for high-quality (lowquality) goods. Two testable implications that follow from this argument are: (a) high-qualityhigh-price goods will be exported while low -quality-low-price goods will be kept for The 'Alchien-Allen effect' is however, not well suited to explaining the negative impact of importers' market size on average unit values found by Baldwin and Harrigan (2007) . To understand the effects of both distance and market size, they incorporate quality differentiation into the new heterogeneous firm trade framework pioneered by Melitz (2003) . The innovation of their model is to assume firms differ in both marginal costs and quality, with a strictly positive quality-cost elasticity σ . High marginal costs produce higher quality products and also charges higher prices within the same product category. Due to the existence of the fixed exporting cost, firms self-select into the export market in terms of cost or quality. They show that when σ >1, quality increases disproportionally than costs. Thus high-cost-quality firms yield greater profits and become exporters, leaving the low-costquality firms to serve only the domestic market. Increasing trade costs (of an iceberg form in their model) or smaller (export) market size leads to stronger selection effects and increases the quality threshold required to export. Thus, average product quality increases with distance and decreases with market size of the export destination, as does the average f.o.b. price to that market. When σ <1, the mechanism is reversed: low cost-price-quality firms are selected into the export market, so that increasing distance and smaller market size leads to lower average product quality and f.o.b. price. Table 2 sumarises these results.
To summarise, the existing literature has provided some empirical evidence that average product unit values respond to various characteristics of trading countries. From the theory the focus has been on the role of quality differentiation as a key element to explain these results, although there is some disagreement of the precise mechanism via which product quality matters. The next two section aims to contributes to both theoretical and empirical side of the link between unit value and importer's characteristics.
Data and Method
The data used for the empirical analysis are originally drawn from Customs General Administration of the People Republic of China for the years [1997] [1998] [1999] [2000] [2001] [2002] . These data record all export transactions, detailing information on the number of units traded (as well as the type of unit), the 'free on board' cost, the destination country and the HS8 industry (which we use here to describe products) as well as information on the ownership of the exporting firm (broken into 9 different types), and the type of trade undertaken (ordinary, processing etc.
broken into 18 different types).
From the underlying data we aggregate firms' ownership according to whether they are state owned enterprises, are privately owned or have some degree of foreign ownership and split the type of trade according to whether it is ordinary trade, processing trade or other types.
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We use only the part of the data that relates to ordinary trade, leaving a discussion of differences in the estimated relationships with those found for processing trade to Kneller and Yu (2008) . 7 We drop the residual observations measuring trade of other types following this classification.
These data are of a similar type to that used by Harrigan and Deng (2008) , previously by
Swenson (2007), Chen and Swenson (2007) and detailed more fully in Feenstra, Deng, Ma and Yao (2004), but where they have further information on the location (city -these include in some cases city districts) from which the exports originate. The total sample size covers 7,724 HS8 industry codes for which we have non-zero unit values for at least one of the observed three years in our data (1997, 2000 and 2002) by country of destination. The total sample size is 437,271. As might be expected the number of observations rises over time, from 111,360 (1997) to 173,805 (2002) . The results are robust to estimation by year or to pooling the data across years.
A defining feature of our results is their variation across industries. We report in Table 3 the number of observations available at a broad industry level. As can be seen from the Before moving on to the regression analysis we briefly detail some of the features of the data.
In Figures 1a and 1b we report the distribution of the number of countries exported to within each HS8 product category for two industrial sectors (Chemicals and Machinery & Equipment). As can be seen from the figure the distribution is in both cases highly skewed, most products are exported to just a few countries.
There are some differences between the two sectors however, while the model number of countries is one in both sectors, the median value is 18 in Chemicals and 27 in Machinery and Equipment. Or as alternative evidence on the skew in the distribution 35 per cent of products are exported to less than 10 countries in the Chemicals sector, whereas in the Machinery and Equipment sector it is 26 per cent. 8 In Table A1 in the appendix we report the number of observations per country. As might be expected countries that are large (measured by GDP) and are geographically relatively close to China have a larger number of observations. 
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The variable of interest in the study is the unit value price of exports for each HS8 product 
In the more formal analysis we regress these unit values in period t against a measure of distance from China to country j, dist jt , as well as a measure of market size, GDP jt , wealth per capita, GDPpc jt , a Border dummy, BORDER, a set of time dummies, TD, and product fixed effects. The product (HS8 industry) fixed effects control for differences in average unit value across products as well as any differences in units (kilograms, tonnes etc.). 10 The regression equation is of the form:
Data on GDP and GDP per capita are from the World Bank, while the data on distance is a measure of weighted distance from CEPii and used previously by Head and Mayer (2002) .
The average distance from China is 7,795 kilometres. The closest country is recorded as South Korea (1,123km) and the furthest is Argentina (19, 110km) .
Using this data we are also able to replicate the type of evidence on unit values presented in Schott (2006) with the Chinese data. In Figures 2a and 2b we consider a scatter plot of unit values against GDP per capita for two HS8 products, Absorbent gauze or muslin bandages (HS8:30059010) and Motorcycles with reciprocating internal combustion piston engine, 50-250cc (87112000). These codes are chosen on the basis that these are products are exported to many countries (135 and 131 countries respectively). Consistent with the evidence for the US, there would appear in both of these graphs a generally positive relationship between average unit values per destination and GDP per capita. For example, the price per kilogram paid for 9 As discussed in Schott (2006) unit values are likely to include measurement error as a result of the misclassification of products. For that reason he, as do we, focus on heterogeneity in prices within product ranges. It should also be noted that Schott (2006) as well as Bernard et al. (2007) and Baldwin and Harrigan (2007) use HS 10 digit data. 10 The data have been checked that the units of measurement are the same within every hs8 category. absorbent gauze or muslin bandages is $0.51 in Brazil and $3.33 in the US and as high as 
Results
In Table 4 we report the results from the regression on of unit-prices by broad industrial sector, where we group the results according to the combination of signs on the distance and market size variables. 11 Perhaps most obvious from the Table is the lack of support for the theoretical predictions set out in Table 2 Both of these two combinations fall outside the predictions of Table 2 . Specifically, the positive-positive sign combination, which is found in the majority of Chinese export sectors, is inconsistent with all the existing versions of the heterogeneous firm trade models including the original Melitz (2003) model, Baldwin and Harrigan (2007) and Melitz and Ottaviano (2007) .
12 11 The regressions include other standard gravity variables such as GDP per capita . For expositional purpose we do not report them in the table 4. Consistent with previous studies , the co-effcients for GDP per capita are positive for most of the regressions. Details of these resulsts are available from the author upon request, also see Kneller and Yu (2008) . 12 Baldwin and Harrigan (2007) demonstrate a negative-negative sign combination can be derived from the original Melitz and Ottaviano (2007) model.
Heterogonous Firm Trade , Quality sorting and Spatial Price Discrimination
The Baldwin and Harrigan (2007) paper demonstrates that the sign of the coefficients of distance and market size will be positive and negative respectively, under quality sorting when the elasticity of quality is greater than one, but reversed under efficiency sorting when the quality elasticity is less than one. Our results for China suggest that neither version of these models may apply universally. Specifically, we find variation across industries, and for the majority of industries, a combination of signs that do not provide strong support for either version of the model. With spatial price discrimination, distance and market sizes affects average export unit value because of the compositional changes of firms entering the export markets, but in addition because of their effect on the f.o.b. price mark-ups for individual firms. We show that by adding these new dimensions, the heterogeneous firm trade model yield combinations of the signs of distance and market size that might explain our Chinese evidence, but also lead to different implications for the pattern of quality sorting and the effects of distance and market size on export quality relative to Baldwin and Harrigan (2007) .
The Model
We begin by considering a closed economy and then extend to the open economy version.
Consider an economy with L identical consumers, each supplying one unit of labour as the only factor of production. We follow Melitz and Ottaviano (2007) and assume that preferences across differentiated varieties within a sector are characterised by a quasi-linear utility with a quadratic sub-utility. We modify the demand system to accommodate asymmetric varieties as follows: Parameters α and η index the degree of substitution between the numeraire good and differentiated goods: the consumer's demand is biased toward the differentiated good relative to the numeraire good the higher is α or the lower is η . α , η and γ are assumed positive and identical across countries. These preferences lead to the following inverse demand function:
Where is the aggregate (quality adjusted) consumption. Let be the subset of varieties consumed ( ). The linear demand system for each individual variety is:
is the quality adjusted price-ceiling common for all varieties, above which the demand for an individual variety will be zero. [ ]
we derive the optimal pricing rule given cost c (we omit the firm subscript i hereafter):
This yields the optimal quantity of production, revenue and profit.
[
where P z c< is the 'survival condition'. Only varieties with quality adjusted costs lower than the price ceiling will face positive demand ( ). Firms producing higher quality products for a given cost will charge higher prices and earn greater revenue and profits, although it does not necessarily follow there will also enjoy higher demand 
where is the 'survival condition' that must be satisfied in all the above equations to yield positive demand for each variety. From [10] and [11] it is straightforward to show that profit and revenue are increasing (decreasing) in marginal cost when the quality elasticity is greater(less) than one:
Where is the cost cut-off under (above) which firms can survive and earn positive profits when the quality elasticity is low (high). We close the model by assuming free entry into the market. The equilibrium is therefore characterised by the zero net expected profit condition:
It is straightforward to show that 0 P ∂Π > ∂ and 0 L ∂Π > ∂ for any σ , so we obtain ˆ0 P L ∂ ∂ < . In words, larger markets have lower price ceilings in equilibrium. Note that this result is identical to the original Melitz and Ottaviano (2007) model in the absence of quality differences, where they show that larger markets lead to a lower price ceiling and price mark-up. The difference however, is that here the effects of market size on the survival cost cut off
) is ambiguous, depending on the quality elasticity, 0
14 Larger market leads to increased cost cut-offs, if and only if, the elasticity of quality to cost is greater than one. However, independent of the value of σ , larger market size always leads to stronger selection into the industry i.e. lower survival rate 15 .
Spatial Price discrimination and export selection
Now , which yields the following optimal export price and output: . In words, when the quality elasticity is high export profits increase in cost and quality, so firms with costs above the export cost cut off earn positive export profits. High quality high price(cost) firms self-select into the export market and we have the pattern of 'quality sorting' by exporters. The opposite holds for low values of the quality elasticity parameter.
Then firms will be sorted in terms of having lower cost into the export market and we have the pattern of 'efficiency sorting'. Next we generate the predictions of the effects of market size and distance on average unit value of exports from our model corresponding to the above two sorting patterns, and reveal how they differ from the existing heterogeneous firm trade models.
Quality Sorting
Firstly we look at the case of quality sorting. effect. The intuition behind this result is that, when the quality elasticity is greater than one, firms are sorted into the export market in terms of high quality high cost, with being the minimum marginal cost level required for exporting. A larger market size results in tougher competition and lower price mark-ups in the export market such that selection into the export market is stronger. As a result, more low-cost low-quality firms are forced to leave the export j X c market, which increases the average cost and quality of remaining exporters. Average f.o.b.
export price and export quality therefore increases. Reasoning analogously, higher transport costs increases trade barriers, leading to stronger selection and to increased average f.o.b.
export price and quality.
However, a second mechanism, namely the 'price discrimination effect', is also at work. As 
Hence the selection effect is negative for both market size and distance. Furthermore, since the price discrimination effects are also negative, the total effects of both market size and distance on average export quality and unit value are unambiguously negative.
We summarise the above results in Table 6 . Note that Table 6 provides very different predictions compared to those from Baldwin-Harrigan (2007) as summarised in Table 2 . Our model predicts that under the quality sorting all four possible combinations are possible, depending on whether the selection or price discrimination effect dominates. In contrast under efficiency sorting the both signs are always negative.
Reassessing the evidence from the new model
Now we turn to reassess the empirical evidence on China in Section 4 in light of this new theoretical model presented. As discussed previously, the theoretical challenge emerging from the China evidence is (a) what is the explanation for the puzzling 'double positive' sign for the majority of the Chinese exports and France and Belgium (Mayer and Ottaviano, 2007) that cannot be fully explained by the existing heterogeneous firm trade theory, and (b) how to understand the across industry variations in the signs of the distance and market size coefficient under a unified model, instead of assuming different models fit to different sectors ? Table 7 summarises the empirical evidence from the paper and their corresponding new interpretations from our theoretical model.
Firstly, as shown in the first row of the table, the 'double positive' sign we uncover for the majority of Chinese export sectors can be explained by the theoretical contribution of the paper. According to our model, this combination of coefficients on distance and market size is explained by the dominant effect of quality selection of Chinese exporters, and that average export quality increases in both distance and market size. Most importantly, in contrast to Baldwin-Harrigan(2007) where a positive sign of market size indicates efficiency sorting and is incompatible with positive sign of distance, the quality extension of Melitz and Ottaviano (2007) predicts that increasing market size could actually lead to stronger quality selection and greater unit values. So a positive sign of market size is not only fully compatible with the positive distance effect, but also categorically indicates quality sorting of exporters.
Secondly, as shown in the second to third rows of the table, by incorporating special price discrimination, the model can also account for other combinations of the signs in the unit value regression. Interestingly, the positive-negative market size-distance combination found to be significant for the US by Baldwin and Harrigan (2007) was found in only one sector in Chinese exports. From our theoretical model it can be interpreted as quality sorting, but may reflect the relative dominance of (negative) price discrimination effects for the U.S exporters responding to market size. Furthermore, the double negative combination on distance and market size that we find for two Chinese export sectors, including one of the largest export sectors (Machinery and Equipment), is consistent with both efficiency sorting and quality sorting hypothesis as a result of the existence of price discrimination. This can be viewed as a support for original Melitz and Ottaviano model (2007) , but should not necessarily implying efficiency sorting. It is possible that Chinese exporters in the Machinery and Equipment sector are also sorted by quality, but that price discrimination effect dominates the selection effect. Given the importance of the Machinery and Equipment sector to Chinese trade and inward investment flows discriminating between these two hypothesis may be an interesting future exercise.
Finally, perhaps somewhat surprisingly, we find little support for the original Melitz (2003) model. The negative-positive combination that follows from these models receives no support in our empirical analysis. This again stresses the importance of quality differences as a key dimension in our understanding of the relation between export unit value and characteristics of the destination markets.
Concluding Remarks
In this paper we found new features of the average unit value of Chinese exports compared to existing evidence, which could not be fully captured by the existing heterogeneous firm trade theory. In particular, for the majority of sectors we found a unit value increases with both distance and market size, while other combinations of signs were also found to be significant in a few sectors. These findings provide no support to the original Melitz (2003) To reconcile the gap between our new evidence and the existing theory, we proposed an extension of the Melitz and Ottaviano (2007) model allowing for quality differences suggested by Baldwin and Harrigan (2007) . A distinguishing feature of this new model is that distance and market size affect unit value through both price discrimination and quality selection effects, which can explain previous evidence and our new findings in a unified model. Further, in contrast to the common perception that Chinese firms mainly compete in low costs, our findings imply that in the majority of manufacturing sectors Chinese firms are sorted in quality into the export market. 
